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Introduction 


The  avoidance  of  harmful  effects,  especially  long  term  effects  (cancers,  mutations, 
reproductive  disorders,  etc.)  is  one  of  the  dominant  concerns  for  nonlethal  weapons  gener¬ 
ally,  and  RFR  technologies  specifically.  The  need  for  the  participation  of  poHcy,  legal,  and 
medical  organizations  at  all  stages  of  the  research  means  that  famifiarity  with  the  scientific 
basis  for  the  potential  occurrence  of  these  effects  is  critical.  All  of  these  organizations 
recognize  that  the  first  step  in  this  assessment  is  a  review  of  the  Hteratiure. 

In  order  to  provide  some  guidance  in  this  area,  a  simimary  of  existing,  reviewed 
hterature  was  made.  Several  comprehensive  reviews  of  the  RFR  biological  effects  research 
have  been  conducted  in  the  past  two  years  and  these  reviews  provided  the  basis  for  this 
analysis.  Our  objective  is  not  to  make  a  scholarly  assessment  of  the  research,  but  to 
analyze  trends  in  the  data,  as  reported. 

The  approach  taken  is  as  follows.  Each  citation  summarized  in  References  1,  2,  and  3 
were  entered  into  an  MS  Access  database.  Since  many  of  the  citations  are  duphcated 
between  these  reviews,  each  citation  in  Reference  2  and  3  was  cross-checked  for  uniqueness 
before  entering.  Approximately  300  unique  citations  were  foimd. 

For  each  citation  a  number  of  data  points  were  determine;  a  data  point  is  an  exposvire 
condition  (fi-equency,  type  of  modulation,  intensity,  and  duration),  species,  and  biological 
effect  observed.  When  a  range  of  values  was  reported,  the  high  and  low  extremes  were 
entered.  When  the  citations  were  quoted  in  more  than  one  reference,  the  data  reported  was 
cross-checked.  If  the  data  was  in  disagreement  between  the  simimaries,  the  original  paper 
was  consulted  to  resolve  the  difference.  This  process  produced  over  700  data  points. 

To  make  the  characterization  of  the  data  reported  more  ameniable  to  trend  analyses, 
each  non-numeric  database  field  was  assigned  a  category.  The  categories  are  as  follows. 

Species  Type 

1.  Molecules 

2.  Cells 

3.  Organs 

4.  Embryos 

5.  Insects 

6.  Small  animals 

7.  Large  animal 
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Wave  Modulation  Type 

1.  Amplitude  modxilated  (AM) 

2.  Continuous  modulation  (CM) 

3.  Pulse  modiilation  (PM) 

4.  Sine  modulation  (SM) 

5.  Frequency  modulated  (FM) 

Biological  Effect  Category 

1.  Behavior 

2.  Biochemiccil 

3.  Cardiac 

4.  Genetic 

5.  Growth 

6.  Health 

7.  Hematoligic 

8.  Immunologic 

9.  Life  span 

10.  Metabolic 

11.  Molecular 

12.  Nervous  system 

13.  Neuroendocrine 

14.  Senses 

15.  Teratogenesis 

16.  Testes 

Effect  Level 

0.  None 

1.  Minor 

2.  Severe 

3.  Long  term 

Examples  of  Long  Term  Effects  Include 

1.  decreased  postnatal  survival 

2.  teratogenesis 

3.  maternal  lethality,  decreased  fetal  weight 

4.  increased  lethality  to  endotoxin 

5.  higher  mutagencity  index 

6.  lethality 

Analyses  were  made  using  JAYCOR’s  SCATT  program  for  finding  graphical  trends  in 
categorized  data.  The  program  is  provided  as  part  of  the  project  deliverables  along  with  the 
MS  Access  database. 
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The  figures  show  plots  made  of  the  observed  effect  level  vs.  species  and  SAR  for  small 
animals  and  large  animals.  Of  particular  interest  is  the  occinrence  of  long  term  effects.  In 
each  figure,  the  species  are  distributed  along  the  horizontal  axis  with  the  legend  explaining 
the  species  number.  The  SAR  values  are  plotted  in  the  vertical.  For  each  species  there  are 
four  vertical  scattering  of  data  points,  one  for  each  effect  level,  slightly  displaced  in  the 
horizontal  so  the  individual  data  can  be  seen.  The  conditions  associated  with  long  term 
effects  are  plotted  as  filled  symbols. 

As  can  be  seen,  most  of  the  data  has  been  taken  in  rodent  species;  rats  and  mice.  All 
data  with  SAR  >  50  W/kg  show  some  effect.  The  range  of  SAR  values  for  a  given  level  is 
broad  and  overlaps  other  levels— in  other  words,  there  are  no  clear  threshold  of  effects 
based  on  this  mass  of  data.  Such  trends  may  be  revealed  if  the  data  were  further  analyzed 
by  effect  category,  that  is,  if  trends  were  looked  for  in  only  the  behavior  data.  Such  analyses 
can  be  conducted  by  the  user  with  SCATT. 

Our  interest  here  is  in  the  occvirrence  of  long  term  effects.  For  the  rabbit  and  rat,  the 
first  observation  of  long  term  effects  occvirs  for  a  SAR  =  30  W/kg,  which  suggests  a 
threshold.  The  amo\mt  of  data  is  too  sparse  for  such  a  value  to  have  statistical  significance. 
For  the  mouse,  however,  long  term  effects  (higher  mutagencity  index)  are  seen  at  very 
small  values  (0.5  W/kg).  The  lower  threshold  in  a  lower  body  weight  animal  species  may  be 
a  trend. 

The  second  figure  presents  the  same  format  of  data,  but  for  larger  animal  species.  The 
first  observation  is  that  the  number  of  data  points  is  much  smaller— not  imexpected  given 
the  animal’s  size,  lifetime,  and  metabolic  rate  which  make  such  experiments  more  difificxilt. 
Even  though  the  SAR  values  are  as  large  as  60  W/kg,  no  effects  above  minor,  let  alone  long 
term,  are  observed!  Again,  although  the  number  of  data  points  is  so  few  that  statistical 
significance  is  low,  the  implication  is  intriguing. 

While  the  analysis  of  these  data  should  be  pxursued  at  greater  depth  (the  database 
will  point  the  reader  to  the  appropriate  citations  where  more  information  can  be  obtained), 
a  hypothesis  immediately  comes  to  mind.  The  animal  that  shows  the  most  significant  long 
term  effects  below  a  SAR  of  30  W/kg  is  the  mouse,  which  has  the  smallest  body  mass  by  far. 
Therefore,  the  possibility  exists  that  the  SAR  is  not  the  correct  scaling  law 
between  species.  If  this  hypothesis  were  confirmed,  then  the  interpretation  of  existing 
data  might  yield  a  much  higher  threshold  for  long  term  effects  and  thereby  reduce  the 
implied  hazard  of  RFR  devices. 
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All  Tables  Tests 
RF  BIO  EFFECT 


Figure  1 .  Small  animal  effects 


All  Tallies  Tests 

RF  BIO  EFFECT 


Conclusions 


The  brief  analysis  of  the  RFR  Uterature  raised  a  question  about  the  vaHdity  of  SAR  as 
a  means  of  scaling  data  between  species,  especially  from  the  very  small  mass  species.  Since 
many  of  the  research  items  Usted  above  are  expressed  in  terms  of  effective  dose,  like  SAR, 
resolving  this  matter  is  at  the  heart  of  the  credibihty  of  the  results  for  any  particular 
system. 
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490  rat  2.86  2  100  W/m/m  1  W/kg  36  360  no  effect  on  thyroid,  anterior  pituitary  giand,  adrenal,  prostata,  or  testes 

weights;  no  chWige  in  folk)cie<stimulating  hormone  or  gonadotropic 
hormone  levels;  increase  in  leutinizing  hormone 
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DATABASE  OF  RADIOFREQUENCY  BIOLOGICAL  EFFECTS 
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DATABASE  OF  RADIOFREQUENCY  BIOLOGICAL  EFFECTS 


602  rat  (female)  2,46  100  W/m/m  1.76  W/kg  18  180  rw  sigriifteant  differervoe  iri  rriaiformat^  15  2064 

603  rat  (Infant)  2.45  1200  W/m/m  12.48  W/kg  39  180  the  RFR  and  sham  pups  at  correspondings  ages  In  brain  weights.  15  2064 

cerebral  dimensions,  histologic  endpoints,  and  the  purkinje-cell  counts 
in  the  corresponding  cerebdlar  lobules  were  all  not  signifk^t 
differences. 
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